Obesity is an independent risk factor for developing cardiovascular disease and increases insulin resistance in children. Interleukin (IL)-18 is a novel pro-inflammatory cytokine with potential atherogenetic properties. This study aimed to identify circulating levels of IL-18 in obese children and examine the effects of combined nutritional education-physical activity course on circulating IL-18. Plasma IL-18, body mass index (BMI), fasting glucose and insulin, homeostasis model assessment insulin resistance (HOMA IR), lipid profile, uric acid, highsensitive C-reactive protein (hs-CRP), and homocysteine were determined in 70 obese children aged 10-12 years before and after attending a 13-week weight reduction program, which included physical activities and nutritional education. Twenty-five age-matched non-obese children served as controls. At baseline, obese children had significantly higher levels of BMI, fasting insulin, HOMA IR, triglyceride (TG), uric acid, hs-CRP, and IL-18 but lower high-density lipoprotein-cholesterol (HDL-C) than non-obese children. Plasma IL-18 levels in obese children decreased significantly after the weight reduction program. At baseline, plasma IL-18 levels in obese children positively correlated with BMI, HOMA IR, insulin and TG but negatively correlated with HDL-C. There was a significant relationship between plasma IL-18 and BMI changes. Moreover, fasting insulin was responsible for IL-18 variability in obese children. These findings suggest that elevated plasma IL-18 levels in obese children are partly associated with parameters of obesity and insulin resistance, and are significantly affected by modest weight loss.
INTRODUCTION
The increasing prevalence of childhood obesity has significant medical and economical consequences. Obesity in the youth increases the risk for cardiovascular complications [1] . While mechanisms responsible for the increased prevalence of childhood obesity and associated chronic diseases have not been completely elucidated, its prevention and treatment play an important role in reducing cardiovascular risk. Weight loss induces decreased lipid profiles [2] , insulin resistance [3] , and chronic inflammatory markers [4] in obese children.
Differential low-grade inflammation is associated with obesity in the youth and some patterns of immune activation are related to insulin resistance [5] . Interleukin (IL)-18 is a novel pro-inflammatory T helper-1 cytokine produced by various cell types, including Kupffer cells, activated macrophages, keratinocytes, intestinal epithelial cells, osteoblasts, and adrenal cortex cells [6] . Recent reports indicate that IL-18 concentrations may be linked to type 2 diabetes mellitus [7, 8] , metabolic syndrome [9] , hyperhomocysteinemia [7, 10] , obesity [11, 12] and insulin resistance [12] . Weight loss and exercise training are reported to reduce IL-18 in obese adults [11, [13] [14] [15] . However, the association of IL-18 with childhood obesity has not been completely established.
The purpose of the present study was to identify circulating levels of IL-18 in obese children and examine the effects of weight reduction on circulating IL-18.
MATERIALS AND METHODS

Subjects
Seventy 4 th -to-6 th grade obese Chinese children (37 boys and 33 girls) aged 10-12 years from the local elementary schools were evaluated for plasma IL-18 levels and its relationship to fasting insulin and weight loss before and after completing a 13-week weight reduction program. Obesity was based on the ideal body weight (IBW) criteria and the study children were defined as obese if their body weight was greater than 120% of IBW within ageand gender-specific categories [16] . Twenty-five heightand age-matched children (13 boys and 12 girls) with body weight less than 110% of IBW from the same schools served as non-obese controls.
All of the children had similar lifestyles with no previous physical training program or dietary consults. The ethical committee of the National Taiwan Sport University (Taichung, Taiwan) approved the study and the parents of all participating children provided written informed consent.
Research Design
The 70 obese children participated in a 13-week weight reduction program consisting of nutritional education and physical exercise programs. Both programs were directed and supervised by dieticians, nutritionists, physicians, physical education instructors, and coaches. Both the children and their parents attended the first six lectures of the nutrition intervention program (45 minutes per lecture, two lectures per week), and the children continued the lectures thereafter.
The nutrition intervention program was taught by school dieticians and was devoted primarily to nutritional education. It included six topics: 1) introduction to the food pyramid, food categories, food and beverage choices; 2) introduction to nutrients and recommended daily nutrient intake; 3) understanding food preparation, balanced diet, eating habits, and over-eating control; 4) learning about dietary recall, food records, and food frequency questionnaire; 5) learning about simple concepts of the food exchange list and practice of calorie calculation; and 6) application and practice of nutrition knowledge by playing games and giving tests.
Regarding physical activity intervention, all obese children were instructed to participate in physical activeity three times per week (45 minutes per exercise session) during the study period supervised by professional youth coaches at the elementary schools. The physical activeties throughout this exercise intervention varied in intensity and duration, but were similar to the type of exercise that elementary school children regularly performed.
Experimental Approaches
Blood specimens before (baseline) and after (week 13) the 13-week weight reduction program were collected in the morning after an overnight fast and centrifuged immediately to obtain serum or plasma aliquots that were either used immediately or frozen at -80 o C until the required assay.
Fasting glucose concentration was determined using an enzymatic colorimetric method (Sigma Chemical Company, St. Louis, MO, USA), while quantitative measurement of fasting insulin concentrations was conducted using an Abbott IMx Insulin Kit based on a micro-particle enzyme immuno-assay (MEIA) (Abbott Laboratories, Dainabot, Tokyo, Japan). HOMA IR was calculated according to the formulas in the HOMA model [17] . Enzymatic methods were used to determine plasma concentrations of total cholesterol (Beckman TC Reagent) and TG (Beckman TG Reagent). Magnesium-dextran sulfate precipitation reagent was used to separate HDL-C, which was then assessed enzymatically. Low-density lipoprotein-cholesterol (LDL-C) was determined using the Friedewald equation [18] .
Plasma homocysteine levels were measured using high-performance liquid chromatography with fluorescence detection. Quantitative determination of plasma hs-CRP was assessed by particle-enhanced immunonephelometry using a high sensitivity CRP immunonephelometric assay kit (Dade Behring, Marburg, Germany). Plasma IL-18 levels were assessed by enzymelinked immunosorbent assay (ELISA) using a Human IL-18 ELISA kit (Medical & Biological Laboratories Co., LTD., Nagoya, Japan) based on the manufacturer's instructions and analyzed with a Dynex MRX II micro-plate reader (DYNEX Technologies, Inc., Chantilly, VA, USA) at a wavelength of 450 nm. This commercial kit was used for detecting only bioactive IL-18, not the immature pro-IL-18, as has been widely used. The intraand inter-assay coefficients of variation for IL-18 measurements were 7.26% and 7.53%, respectively.
Statistical Analysis
Tested variables for comparison of means were expressed as mean ± standard error of mean (SEM). The distribution of tested variables was examined graphically for normality. An independent sample t test or MannWhitney U test was used to examine mean differences between the obese and the non-obese children. Paired t test was used to compare values obtained before and after attending the 13-week weight reduction program in all obese children. Analysis of variance (ANOVA) was used to compare values obtained from obese children stratified by BMI and fasting insulin levels. Pearson's correlation or Spearman correlation analysis was used to Openly accessible at http://www.scirp.org/journal/HEALTH/ examine the relationships between IL-18 and tested variables. A stepwise multiple regression analysis was then performed to determine independent variables for plasma levels of IL-18. A p value < 0.05 was considered statistically significant. All statistical analyses were performed using the Statistical Package of Social Sciences (SPSS) 10.0 for Windows (SPSS Inc., Chicago, IL, USA).
RESULTS
The 70 obese children (37 boys and 33 girls) had an average age of 11 years. All completed the weight reduction program without any reported discomfort or com- The comparisons of test variables for the 70 obese and 25 non-obese children were shown in Table 1 . Compared to non-obese children, obese children had lower HDL-C but higher levels of fasting insulin, HOMA-IR, TG, uric acid, hs-CRP, and IL-18. The plasma IL-18 levels of obese children by BMI and fasting insulin tertiles at baseline, and the effects of weight reduction were shown in Table 2 . There was an increase in plasma IL-18 levels in obese children with higher BMI and fasting insulin. Obese children with fasting insulin in the middle and top tertiles had significantly higher plasma IL-18 levels than those in the bottom tertile. In addition, plasma IL-18 levels of obese children decreased significantly after the weight reduction program. Table 3 showed the association of plasma IL-18 levels with anthropometric measures and metabolic variables in obese children at baseline. Plasma IL-18 levels in obese children at baseline positively correlated with BMI, insulin, HOMA-IR, and TG but negatively correlated with HDL-C. Moreover, there was a significant relationship between plasma IL-18 and BMI changes (r = 0.352, p = 0.004) but no significant correlations between plasma IL-18 changes and those of other tested variables after the weight reduction program (data not shown).
Moreover, stepwise multiple regression analysis was performed with plasma IL-18 as dependent variable and independent variables that included weight, BMI, fasting insulin, fasting glucose, total cholesterol, TG, LDL-C, HDL-C, uric acid, homocysteine, and hs-CRP. The results showed that fasting insulin was responsible for plasma IL-18 variability in obese children ( Table 4) .
DISCUSSION
The present study investigated circulating levels of IL-18 in 70 obese children and evaluated the beneficial effects of combined nutritional education-physical activity intervention. The major finding was that obese children have increased plasma IL-18 level, which is associated with BMI and markers of insulin resistance, and is improved with only modest weight loss even without improvement in insulin resistance. Childhood obesity is a great concern because it is associated with many risk factors for chronic diseases later in life. Weight and BMI during childhood have been correlated positively with fasting insulin, blood pressure, and lipids in young adulthood [19] . BMI at age 13 years is highly correlated with that at age 22 years [20] . In addition, subjects with higher BMI as children show higher total cholesterol and LDL-C and insulin resistance in young adulthood [20] . The present study has found that obese children have cardiovascular risk profile in terms of lower HDL-C but higher levels of fasting insulin, HOMA-IR, TG, uric acid, hs-CRP, and IL-18 than non-obese children. After a 13-week combined nutritional education-physical activity program, 67% of obese children had lower body weight with an average weight reduction of 1.69 kg but range that varied from 0.2 to 11 kg. Even though weight loss was limited, the weight reduction program not only reduced BMI but also Very few studies show an association between IL-18 and obesity in the youth, and obese children with metabolic syndrome have significantly higher IL-18 [21] . IL-18 levels are associated with BMI and waist circumference, fasting insulin, and HOMA-IR in adolescents [5] . In the present study, obese children have signifi-cantly higher IL-18 and such an elevation correlates with cardiovascular risk factors such as BMI, HOMA-IR, fasting insulin, TG, and HDL-C (inversely). In addition, fasting insulin explains IL-18 variability in obese children.
There are no reports that show the effects of weight loss on plasma IL-18 in obese children, but an elevation of plasma IL-18 in obese adults can be influenced by interventions related to weight control. Plasma IL-18 decreases significantly after a 12-month weight loss program with energy restrictions in obese women [11] . A 15-week hypo-caloric diet and daily exercise program reduces body weight, plasma IL-18, and increases insulin sensitivity in obese adults [22] , while massive weight loss induced by gastric bypass reduces plasma IL-18 [14] . A multi-disciplinary weight reduction program emphasizing lifestyle changes is associated with reduced IL-18 in obese pre-menopausal women [23] . An 8-week exercise training also reduces adipose tissue IL-18 mRNA content in obese adults [15] . In the present study, a 13-week combined nutritional education-physical activity program has reduced plasma IL-18 without significant changes in insulin sensitivity in obese children. After the weight reduction program, 87% of obese children in the present study have shown reduced BMI, but only 41% show decreased HOMA IR and about 43% of BMI-reduced obese children show decreased HOMA IR. Taken together, a decrease in plasma IL-18 caused by the weight reduction program in obese children is at least, in part, due to changes of BMI per se, regardless of the status of insulin resistance.
Systemic inflammation has been demonstrated in overweight children as indicated by elevated CRP levels [24] . It has also been shown that obese children have higher hs-CRP levels than non-obese children [4, 25] and weight loss is associated with a significant decrease in hs-CRP levels [4] . Homocysteine concentration is significantly higher in hyper-insulinemic obese children than in the normo-insulinemic obese children [25] . Homocysteine levels are significantly lower after a 12-week weight loss program with dietary advice and light exercise in obese middle-aged women with high homocysteine levels at baseline [26] . In the present study, plasma levels of hs-CRP and homocysteine in obese children have decreased significantly after the weight reduction program. However, there is no relationship among hs-CRP, homocysteine, and IL-18 before and after the weight reduction program. The mechanism associated with elevated circulating IL-18 and the effect of weight loss on IL-18 in obese children seems to be independent from other cardiovascular risk factors, such as CRP and homocysteine, and warrants further elucidation.
The strength of the present study includes the effects of the combined nutritional education-physical activity intervention on obesity-related and/or obesity-independent parameters in obese children, particularly IL-18, which has been better studied in obese adults. However, there are some weakness and limitations. Individual or synergistic effects of nutritional education and exercise on weight changes are not distinguished. In addition, there is no full quantification of the interventions accomplished by the subjects due to lack of dietary records, calorie counts, and estimates of physical activity intensity. Thus, the cause and effect in the relationship between weight loss and improvements of tested variables remain to be elucidated.
In conclusion, there are elevated circulating IL-18 levels in obese children. Modest weight loss through weight reduction intervention has the beneficial effect of reducing IL-18.
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